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Summary: The purpose of this research was to obtain empirical
evidence for the effect of time of day on learning in a stressful situation.
There is a growing body of literature that seems to indicate that much of
our daily behavior is superimposed against regular circadian fluctuations.
Therefore, a series of experiments were performed to assess the effects of
this variable on learning using albino rat Ss

Experiment I employed a minimum of six shock intensities in an ascending
method of limits. The rat Ss were required to move to one end of a cage to
avoid the shock. The dependent variable was percent avoidance. The results
indicated that these Ss were more likely to avoid even minimal stress at
: night than during the light times of day. Experiment II involved a simple
: bar press escape task similar to a study by Osborne (1967) which had seemed
| to suggest that time of day may have been a relevant variable in the acquisition
5 of the bar press escape response. The results provided no evidence for the
effect of time of day on learning. However, the apparatus and procedure were
sufficiently different to make comparisons between this experiment and the ,
previous Osborne study difficult. Experiment III involved learning a hurdle-
jump response in the presence of classically conditioned fear stimulj.
Although there were certain undesirable experimenter effects, the data indicated
a very regular effect of time of day. Performance was superior at night and
inferior during the day. Experiment IV was a preliminary study using a one-
way avojdance technique. The small number of Ss and high intersubject variability
precluded statistical significance, however, these results also suggested
superior performance for the evening and night hours. Experiment V measured
activity levels of the Ss in a running wheel as a function of time of day.
The results were consistent with the literature and indicated much greater
activity at night than during the day. '
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None of the experiments provide overwhelming evidence for the effect of
time of day when taken alone and each leaves questions which can only be
answered by empirical test. However, as a group they would seem to indicate
that time of day does play an important role jn learning in a stressful
situation. Most forms of motivation such as fear of fajlure in a classroom
or fear of shock in the laboratory are aversive or stressful in the Thorndikian
sense of an "annoying state of affajrs" which the organism will avoid or
attempt to minimize. If the comparison holds,then although the effect would
probably vary in its specifics, time of day might also influence human learning
under stress as well.
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Intrcdutticn: The purpose of this research prcject was to obtain
empirical evidence for the effect of time of Gay on learning in a stress-
ful situaticn. It has been said that learning is the key prccess in
human behevior. Learning influences to scme degree the language we speak,
our customs, attituces and keliefs, geals: 1in short, learning influences
essentialiy €11 of the behavior displeyed by the human crganism. A goal
of psychology since Ebbinghaus, has been to uncover and eveluate the role
of different variables on the learning process. One variable which has
received much attention because of its significant role in behavior has
besn the effect of motivation.

Most of the work involving motivation has dealt with positive drives
anéd rewards. This work has ranged from basic laboratory studies utilizing
lower animals such as rats and their reaction to hunger and food deprivation,
to more educationally applied studies involving children in the classroom
working for positive rewards such as praise, candy, extra privileges, etc.
One aspect of motivation which has received less attention has been the role
of negative drives and rewards.

By far the most common method to study the effect of Ynegative
reinforcement" on the learning process, has been to use electric shock.
Typically, shock has been used either for punishment in a passive avoidance
situation or a motivator and reinforcer in active avoidance or escape
situations. The use of electric shock seems at first glance, far removed
from the classroom. However, if it is assumed that electric shock is
merely one possible source of stress which the organism is likely to
encounter, the remoteness from practicality diminishes considerably. Most
situations in life are influenced by one form of stress or another. Indeed,
success in the school, home, or community is usually a measure of how well
we have managed to cope with the stresses we have found in these situations.
When we wish to study learning, motivation, and behavior under strictly
controlled conditions, electric shock is the most frequently employed
stressor because of the great precision and control we can exert over this
variable.

A second variable which has received little attention in the
exploration of factors affecting behavior and especially learning, has
been the effect of circadian rhythms (i.. e. rhythms with a recurrent cycle of
approximately twenty-four hours). Most organisms (including man) are
sensitive to daily light-dark and temperature cycles. Most organisms
display daily physiological and behavioral cycles locked into these
environmental cycles. For example, it has been shown that rats
(who are normally nocturnal animals) display cycles of activity, food and
water- consumption, etc., which are at a maximum during the dark cycle
and a minimum during the light cycle. Similarly, mice have been shown to

_ display differential reactivity to stress as a function of time of day.

For example Pizzarello, Isaak, and Chuse (1964) have shown that mice
Wwere move susceptible to whole body x-irradiation during the dark cycle
as indexed by an increase in mortality rate to radiation at night.
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However, variation in physiological reactivity does not necessarily
mean that more integrated activity such as learning is influenced by
circadian rhythm. Unexpected evidence for the effect of time of day on
escape responding was found in a recent master's thesis by Osborne (1967).
In this study, Ss were trained to bar press to turn off shock of different
intensities in a simple escape situation. Three groups received constant
shock intensities (0.5, 1.3, or 2.0 ma.) and two groups received regular
or random alternated Jntensntnes (0.6 and 2.0 ma.). Individual Ss were
given 6 trials per day for 11 days at the same time each day. The Ss were
run hourly from 8 a.m. to 6 p.m. with all groups represented equally each
hour. Examination of the data in two hour blocks indicated that performance
for the Ss receiving constant shock iatensities was best early (8 and 9 a.m.)
and late (4 and 5 p.m.) in the day and poorest in the middle (12 and 1 p.-m.)
of the day. It should be noted that this study was not designed to assess
the effect of time of day and only had one animal from each group at each
time of day. However, the magnitude (the speed scores were at least twice
as good for the constant intensity groups early and late in the day) and
the regularity (the 10 and 11 a.m. and 2 and 3 p.m. groups were intermediate
in performance) of the effect suggested that further investigation of the
effect of time of day on performance was warranted.

Therefore, the major emphasis of our research for the past year was
to obtain empirical evidence for the effect of time of day on the respons-
iveness to strescful stimulation and to determine what effect this would
have on the learning process.

The original outline of the project proposed three different tasks
designed to assess the effects of time of day on aversive learning, which
were to range in complexity from simple threshold determination (Experiment I,
avoidance threshold), primary reinforcement (Experiment II, escape learning)
using offset of pain as reinforcement, te secondary reinforcement (Experiment
ITT, fear condlinonnng) using fear reduction as reinforcement. However,
procedural and methodological difficulties dictated two additional experiments
which wer: necessary for clarification of the results. Experiment IV jnvolved
a simple one-way avoidance task and Experiment V measured activity as a
function of time of day.

-

Experiment I. Avoidance Threshold

Studies which have found circadian effects have generally examined
simple behavior such as activity, consummatory behavior, and basic
physiological phenomena. Therefore, the first experiment on this project
was designed to determine whether the detection of a stressor (i. e.

. electric.shock) would vary.as a..function of the time of day the stress was
" _expérienced. A simple and objecgtive technique for measuring aversion :

threshold was used (adapted from Campbell and Teghtsoonian,»1958) which
involved presenting several intensities of electric shock ranging from below
to above threshold strength. The dependent variable with this technique was
the percentage of time S experienced the shock. It was assumed that if S

could not detect the shock or did not find it aversive, S would remain or

the shock side of the apparatus about 50 percent of the time (i. e. the percent
time expected by chance). The response necessary to escape the shcck was
intentionally simple to minimize learning effects.

T
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Methcd: Subjects: The subjects were 16 male albino Wistar rats
supplied by Harlan Industries of Cumberland, Indiana. The Ss were
approximately 100 days ol at the start of the experiment and weighed 275
+ 25 grams. During the cocurse of the experiment Ss were housed jindividually
in cages which were isolated in living cubicles (1 cubicle per S) The
Ss were allowed food and water ad 1lib. Food, water, and cage care were
administered only after the Ss had been run. Therefore, Ss were not disturbed
by general laboratory routine. The Ss were maintained on " a 12 hour light-
dark cycle with the_onset of nght coming at 8:30 a.m. and the offset
coming at 8:30 p.m.~ The light in the experimental cubicle was programmed
to turn on and off with the living quarters, however, the short inter-
connecting corridor was 1lit at all running times and provided sufficient
light for Es to transport Ss from their home cages to the experimental
cubicles.

Apparatus: Preliminary testing indicated that the lowest range
(50 uA) of a standard Crason Stadler shcck generator and grid scrambler,
was above threshold. Therefore, the shock generator was modified to deliver
four additicnal shock intensities of 14, 18, 23, and 31 uA. The shock was
delivered to the Ss through the grid flocr of a Lehigh Valley rat shuttle
box located in the adjacent experimental cubicle. Shock was programmed and
regulated by means of additioral relays, tape programmer, and switches.
Shock duraticn was measured to the nearest .0l second on two Industrial

Timer stcp clocks.

Procedure: The S was remcved from his heme cage and placed into the
shuttle box in the exper:mental cubicle within 15 minutes of each of the -
eight times of dey. A single ascending series of shock intensities was
used consisting of 14, 18, 23, 31, 50 and 60 uA in that order. Fach
intensity was administered for 10 minutes in which the S could shut off the
shock by moving to one side of the shuttle box. If S returned the criginal
side, the shock was resumed. The stop clccks were used to measure the cum-
ulative time Ss received shock in each of five 2 minute intervals for a
total of 1¢ minutes. At the end of the 10 minute period the shock was
autormatically shut off if S was receiving it at the time. The intensity
was increaseld cne setting and a new 10 minute interval was begun. If S
was on the safe side at the beginning of the interval, the safe side was

- switched such that S would have to move to the other side to turn off tte
shock. The rationale behind this prccedure was that if the sheck intensity
was below threshold, S would be in the safe and shock side equally often
(i. e. 50% of the time for each). However, as the shock reached threshold S
would tend to spend mere and more time in the safe side. The session was
terminated after the sixth intensity (60 uA) if S had avoided the shock
side for 95% of each of the_last. 4 minute periods for the last two shock:

- iftensities (i. e. 50 and 60 uA) . If. S had not met this: criterion, the.: ...
intebsities were increased every 10 minutes until the S did successfully
avoid at least 95% of the time in the last two U minute pericds..  Additional
intensities used were: 80, 100, 130, 160, 200, and 250 uA. Half of the
16 Ss were randomly assigned to each cf the 4 experimenters. Each S-E
combinaticn was assigred to cne of the eight sterting times for

g

1A11 times specified in this report are Eastern Standard Time.
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session 1. Following this, each § was run 27 hours later by the same E
until S had received 9 sessions which consisted of each of the eight times
.of day and a replication of the first time of day. Although the avoidance
response involved was very simple (moving from one end of a cage to the
other), the first session was considered a training session and only the
last 8 sessions were evaluated to minimize the effecis of learning. The
. remaining 8 Ss were similarly assigned following completion of the first
8 Ss and the procedure repeated.

Results: The percentage scores were analyzed by means of a treatments
by treatments by subjects analysis of variance (Winer, 1962. Pp. 289-290).
The eight times of day were one treatment and six shock intensities (14,
18, 23, 31, 50, and 60 uA) were the second treatment. 2 Although the
effect of time of day failed to reach significance (F=1.78, df=7/105,
p=.lo), shock intensity (F = 20.61, df = 5/75, p< .0l) and the interaction
between shock intensity and time of day (F =1, .92, df = 35/525, b<. 01) were
stat1stlcally significant. Figure 1 presents percent avoidance as a function
of shock intensity for each of the eight times of day. Inspection of this
figure reveals the interaction between intensity and time of day is com-
plex. If it is assumed that 50 percent avoidance is the level of avoid-
ance expected by chance, then all eight times of day exceed 75 percent
avoidance (i. e. the aversion threshold) with the greatest shock intensity
(i. e. 60 uA). However, lower shock intensities vary in their effect. The
pattern of behavior suggested by the figure is ths* avoidance decreases
with increasing shock intensity for the first few intensities and then avoidance
increases for the 10 a.m., 1 p.m., 4 p.m., and 7 p.m. times, while avoidance
is nearly directly proportlonal to shock intensity for the 10 p.m., 1 a.m.,
4 a.m., and 7 a.m. running times. Figure 2 illustrates this point much more
clearly. In this figure the four times from 10 p.m. to 7 a.m. and 10 a.m.
to 7 p.m. are averaged into separate "dark" and "light" curves. Therefcore,
it would appear that although aversion threshold as operationally defined
by the shock intensity avoided 75 percent of the time, does not difier
substantially for the different times of day, the behav1or displayed at
lower intensities does differ during the dark versus the light periods.

Conclusions: The major result of this experiment was that there was
a difference in behavior displayed by the same Ss at low shock intensities
as a function of time of day. In general the results indicated that perform-
ance was poorer (i. e. less avoidance) during the light hours than the dark
hours. The rat has two main natural reactions to a stressful situation:
one is to freeze or remain immobile and the other run and escape. The
above results suggest that the rat is more likely to use the former during
the day and the latter at night. This does not necessarily mean that he
is less able to detect a stressful stimulus during the day, only that his
performance in terms of avoiding the situation is different.

SRR QThe“individual scores on whiEh‘the analysis was performed appear in
- Appendix A.
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Experiment II. Escape Learning

The second experiment was designed to replicate, in part, Osborne's
earlier (1967) escape study which had suggested a possible variation in
escape performance as function of time of day. Basically the technique
involves presenting electiic shock which can be terminated by Ss pressing
a lever (i. e. bar press escape response).

Method: Subjects: The Ss were 128 male Albino Wistar Rats randomly
assigned to the experimental conditions and were approximately 100 days
old at the start of the experiment. The same living conditions were
used including light-dark cycle and experimental cubicle as in Experiment I.

Apparatus: A standard Grason Stadler shock generator and grid
scrambler was used to deliver high (1.0 ma) or low (.5 ma) shock to S&
feet through the grid floor of a Lehigh Valley rat shuttle box located in
the adjacent experimental cubicle. A Gerbrands rat lever was mounted at
one &nd of the shuttle box and programmed to turn off the shock when S
presses it.3 The same programming and timing apparatus was used as in
Experiment I.

Procedure: The S was removed from his home cage and placed into the
shuttle box in the &xperimental cubicle within 15 minutes of each of the
eight times of day. A single S was used at only 1 time of day and 2
shock intensities for a to%al of 128 Ss. Sixty seconds after placement in
the apparatus the shock was turned on and remained on until the S pressed
the bar. Fifteen trials per day with an intertrial interval of 60 seconds
were given for 4 consecutive days at the same time of day for a total of
60 trials.

Results: The latency scores were transformed into speed scores

“(reciprocals) and analyzed by means of a 2 x 8 factorial analysis of

variance in which the two shock intensities and the eight times of day
were the factors.” The effect of shock intensity approached significance
(F = 3.23, df = 1/112, .05 p<.10). No comparison (including time

of day) achieved significance. ’

Conclusions: The results of this experiment did not provide evidence
for the effect of time of day on learning of an escape task. However,
there were several methodological differences between this and the earlier
Osborne (1967) study which may have accounted for this. For example, the
differences in test apparatus, massing of trials, etc., may have impeded
learning and obscured the differences which might have exnsted in per-
formance as a function of time of day.

3Use of the shuttle box- which is larger than most operant conditioning
chambers, has movable floor, etc., was necessitated by the unavailability
of a standard operant chamber.

“The individual scores on which the analysis was performed appear

in Appendix B.
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Experiment ITI. Fear Conditioning

Originally, it had been plamned to use a bar press avoidance task
to study secondary reinforcement as a function of time of day. However,
since an operant conditioning chamber was unavailable, it was decided that
fear conditioning would serve the same purpose. This procedure consists
of pairing some previously neutral stimulus (CS) with inescapable electric
shock (UCS} in a typical classical conditioning paradigm. Following
conditioning S is allowed to escape the CS by jumping to another compart-
ment (hurdle—junp respoase). It is assumed that the procedure cond:t:ons
an emotional fear response to the CS which provides the motivation for
learning the instrumental jump response even though shock is no longer
encountered in this phkase of the procedure.

Method: The Ss were 48 naive male albino rats with the same ade,
weights, supplier, and living conditions as Experiment I. The light-
dark cycle was altered slightly to light onset at & a.m. and offset at
8 p.m. Because the nature of the experiment required Ss to be handled
each trial in the hurdle-jumping phase, a dim (60 w) light was maintained
in the experimental cubicle at all times.

Apparatus: A Lehigh Valley rat shuttle box was modified such that
the standard center partition insert containing a three inch diametsr hole,
was equipped with a vertically sliding guillotine door and miscroswiich,
and served to divide the box into two compartments. Opening of the docr
turned on the combination light and sonalert CS in the hurdle-jumping
phase of the experiment. Further medifications of the shuttle box included
replacement of the plastic 1id with two wooden doors covering each of the
two compartments formed by the center partition. Black electrical
tape was placed on the two e&nd walls of the shock compartment and-a plastic
floor installed over the grids of the safe conpartment to make these two
compartments discriminably different. A Grason Stadler shock generator
was modified so that a variable autotransformer provided a 145 VAC scrambled
shock input through a 11K ohm resistor to the grids of the shock compart-
ment. The purpose of altering the shock source from a constant current
to a matched impedence source (see Cornsweet, 1963) was to minimize the

Ss learning some sort of freezing response which might compete with the desired

hurdle response. The 145 VAC input was chosen on the basis of preliminary
work indicating that this voltage elicited sbout as much activity from the
Ss as the 1.0 ma shock input used in the escape learning task. Shock was
programmed and regulated by the same apparatus as used in the earlier studies
and response latencies measured by the same stop clocks.

..< ... Procedure: A given S was run for four consecutive days at.the same ..

time.of day with either forward conditioning (FC) in which the lnght—sonalert
CS preceded the two second shock (UCS) by four seconds and terminated with

the UCS, or backward conditioning (BC) in which the CS came on for 3ix seconds
immediately following the offset of the two second UCS. The purpose of the
two conditioning groups was to assess the effectiveness of the CS. However,
it should be noted that the shock box itself was a powerful CS.

Day one consisted of handling for twenty minutes and exploration of
the shuttle box fer twenty minutes. Day two was the initial conditioning
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day on which each S received twenty FC or BC trials. Day three started
with five additional conditioning trials followed by twenty-five hurdle-
jumping trials in which S was placed in the shock compartment facing the
guillotine door. Ten seconds later, the door was opened, causing the CS
to turn on simultaneously. If S jumped to the safe compartment, the

CS was automatically turzed off and the door closed. If S failed to jump
within sixty seconds, the door was closed and he was placed in the safe
compartment by E. 1In either case, S remained in the safe compartment for
thirty seconds before he was replaced into the shock compartment for the
beginring of the next trial. Day four consisted of twenty-five additional
hurdle-jumping trials.

Three Es each ran a squad of four randomly assigned

Ss at each of four times of day (5 a.m., 12 noon, 6 p-m., and 12 midnight)
for a total of 48 Ss. The Ss were run in a counterbalanced conditioning
order (FC, BC, BC, FC) and the starting times adjusted so that the average
starting time for the squad corresponded to the nominal times noted above.
The dependent variable was the latency of the hurdle-jump response and the
independent variableswere time of day, type of conditioning (FC vs. BC),
and the three experimenters.

Results: Tke latency scores were converted to speed scores (i. e.
reciprocals of latency) and the data analyzed by a trend analysis of variance
with experimenter, conditioning, and time of day as between Ss factors and
ten blocks of five trials as the repeated measure.® The main effects of
time of day (F = 4.21, df = 3/24, p <.05) and trials (F = 28.25, df = 9/21s,
p<.01) were significant as was the effect of experimeﬁ%er (£_= 6.55,
df = 2/24, p<.01). Three of the interactions involving trials were also
significant at the .01 level: trials by experimenters (F = 5.15, df = 18/216);
trials by conditioning (F = 2.72, df = 9/216); and trials by experimenters
by time of day (F = 2.40, df = 51/216). The trials by experimenter inter-
action represented the tendency of one E& Ss to display less learning over
trials. The trials by conditioning interaction indicated that the FC group
was actually poorer than the BC group at least on the early trials. Obser-
vation of the Ss during the experiment suggested that the FC Ss tended to
freeze at the onset of the CS,which would compete with the jumping response,
while the BC Ss tended to remajn more mobile during the CSywhich was a kind
of safety signal for these Ss.

Of greater interest, for our purposes, was the effect of time of day.
Figure 3 presents the mean reciprocal of latency scores for each of the
four times cf day as a function of trials on each of the two hurdle-jumping
days. Inspection of the figure reveals a regular increase in performance over
trials on the first hurdle-jumping day, reflecting learning. The scores on
the second day dropped slightly probably because shock was no longer present,

SThe individual scores on which the analysis was performed appear in

Appendix C.
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resulting in scre extinction. However, the regular cordering of the four
time of day groups is very striking following the initial trials. Figure
4 surmarizes this even more cleariy, vhere cverall performance is presented
= as a function of time of day. Inspecticn of Figure 4 indicates that
perfcrmance is best at 6 p.m. and pocrest at 12 noon with the 12 midnight )
end 6 a.m. points falling between.

MBI TI AT TS

Conclusiens: Althcugh some experimenter effects tend to cbscure the
results, it would appear that the learning of a secondarily reinfcrced
(i.. e. fear reducticn) hurdle-jump response varied as a function of time
of day, with learning supericr at the 6 p.m. and 12 midnight times and
inferior at the 6 a.m. and 12 noon tines. These results are consistent
with Experiment I where it was found that avoidance of a minimal shock
was greater in the derk hcurs than the light hours. Unlike Experiment I,
these Ss were run in the light at all times making the mere preserce or
absence of light less likely ar explenation of the effect and suggests
the possibility of some sort of jinternal "biclegical clock" as suggested
Bolles and de Lorge (1262). However, the existence of experimenter
effects and the interaction of this variable with time of day permits
only tentative interpretatiorn of the data.

Experiment IV. One-Way Avcidesrce

Ore type cf simple avcidance task which was pessible with the
shuttle-box was a one-way avoidance task. Since the avoidance paradigm
includes elements of both the escape and fear conditioning paradigms,
it was decided to rur & preliminary investigaticr invclvirg one-way
avoidarce.

Kethod: Subjects: Twerty-four naive albino Vistar rats were used
with six §§ run at each of four times of day (6 a.m., 12 nocen, 6 p.m.,
and 12 midright). The living conditicns, cubicles., light-dark cycle ard
apparatus were the same as in Experiment III (except that the plastic
covering for the safe compartment grids was cmitted).

Procedure: Prior to avoidance training, each S was handled for
twenty minutes and allcwed to explore the apperatus feor twenty minutes.
Avoidance training ccnsisted of plecing the S in the shoeck compartment, 3
and the guillotine door cpened causing the orset of the CS. If S cdid E
not jump within five seconds, the shock wculd come cn and remain on until 4
S terminated both the sheck and CS by jumping intc the safe compartment.
A jumping respense tc the CS alone is termed an aveidance response and
a response to the shock - CS combination, an escape response. The inter-

. *trial Interval was thirty seconds and.each § received twenty.trial§or was .. ::-. 73§

¢ ~.run untid:he achieved a criterion .of. ten.consecutive avoidance. responses, '

- -“whichever was longer. If an $-d¥d not achieve criterion within 50~ '
trialsy: 8 was terminated and arbitrarily assigned a trjals tc criterionm
score of fifty-one.

5 s
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: Results and Conclusions: The trials to criterion scores and the
number of avoidance responses in blocks of five trials for the first
twenty trials were evaluated by separate analyses of variance.  No
comparison involving time of day attained statistical significance.
Examination of the data indicated a trend for the 6 p.m. and 12 mid-
night groups to display superior performance over the & a.m. and 12
ncon groups. However, the low number of Ss and large variabiliiy between
; Ss tended to obscure any effect. Also, further testing indicated that
3 omitting the plastic floor on the safe compartment grids was probably
: responsible for the generally poor performance. Therefore, before any
conclusions concerning the presence or absence of an effect of time of
day on performance in a one-way avoidance task, the experiment would
have to be repeated with a greater number of Ss and with more perceptually
distinct shock and safe compartments.

= .

Experiment V. Activity Measures

The final experiment undertaken was the assessment of activity as
a function of time of day.7 The purpose of this experiment was two-
fold: first to set the activity cycle of our Ss against what had been
found in the literature; and second, to determine whether the times we
had been sampling were optimal in terms of the activity cycle.

E Method: Subjects: Thé Ss were 8 naive male albino Wistar rats
similar to the Ss used in the preceding studies. One S was discarded
because of apparatus failure, leaving a total of 7 §§._'The light-dark
: cycle remained at 8 a.m. - 8 p.m. light, 8 p.m. - 8 a.m. dark as in
Experiments IV and V.

’ Apparatus and Procedure: Eight Standard Lafayette Instrument
Company activity wheels were used, complete with living compartments
and mechanical counters. Sufficient food and water was placed into the

3 living compartment tc last the entire 4 1/2 days of the experiment and

; minimize disruption of the Ss. The counter readings were recorded

: - every 6 hours for the first 2 1/2 days until the activity cycles had

] stabilized, following which the counter readings were recorded every

: 3 hours (2 a.m., 5 a.m., 8 a.m., 11 a.m., 2 p.m., 5 p.m., 8 p.m., and

2 10 p.m.).

Results and Conclusions: Figure 5 presents the mean percent daily
activity as a function of time of day. Inspection of this figure reveals
that activity was lowest during the day and increased many-fold at night.

-. The inversion at 8 a.m. is interesting because it indicated an increase in

.....activity. in anticipation of the:1light,onset (i. e..8 a.m.). Similarly, -

.. I..the.8.p.m..activity level indicates an increase in anticipation of the light
offset (i. e. 8 p.m.).

5The individual scores on which these analyses were performed appear
in Apgendix D.

This experiment should.probably have been performed first in the
series, however, the equipment and facilities were not available until late

in the project.
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In general the data agree with the literature, indicating the not

auprising fact that the Ss were more active at night. However, the times
chosen for the previous studies (especnally Experlments III and IV) did

not coincide too well with the maxima and the minima of Figure 5. For
example, the 5 and 11 a.m. times resulted in roughly equivalent activity,
while the 5 p.m. time indicated less and the 11 p.m. time indicated greater
activity than the 5 and 11 a.m. times. Recalling that the 5 and 11 p.m.
times produced performance superior to the 5 and 11 a.m. times in Experiment
III, it would appear that activity levels were not directly responsible

for the differences in performance.

Conclusions and Recommendations: To summarize, five experiments
were performed which were designed to measure the effect of time of day on
performance of various tasks by white rats. Four of these experiments
involved the use of an aversive or stressful stimulus (i. e. electric shock).
The tasks ranged in complexity from simple aversion threshold and activity
determination (Experiments I and V), the learning of more complex escape
response in the presence of a more severe stressor (Experiment II), to the
learning of an instrumental response to remove fear provoking stimuli.
(Experiments III and IV). Although the results frequently lacked statistical
significance, the body of evidence indicated that perfcrmance, whether
simple activity or more complex learned responses, was superior at night
for these normally nocturnal animals.

Experiment I Jndlcated that Ss were more likely to avoid even mini-
mal stress at night than during the light. The mild threshold shock used
in this experiment resulted in “freezing" behavior during the light hours,
such that Ss received an even greater duration of shock than would be
expected by chance. There were two possible explanations of this behavior
which would not require any particular appeal to circadic rasponse to siress.
One involved the fact that the tendency for freezing behavior was generally
observed when Ss performed under light conditions and avoided more readily
under condition of darkness. If it is assumed that rats, as with many
animals, have two natural competing responses to stress; running or freezing
(i. e. playing "possum") and that the freezing response might be more
practical during the day when a "poorsighted" animal (such as the rat)
would be more vulnerable, then the results of Experiment I wovld not
indicate differential performance, only different response tendencies.
However, later experiments in which Ss were all run in light conditions also
showed a decrement during the normally light hours (Experiments III and 1IV),
indicating that the mere presence or absence of light may not
be enough to account for the results. A second possibility was indicated
by the activity experiment in which activity levels were found much lower
-durnno'the day than at night. - It is possible that with the procedures used -
in Exper:ment I, lowered activity might result 'in apparently poorer perfor—
mance during the day and conversely, heightened activity produce superior
performance at night. However, although percent avoidance at most intensities
was greater at night, there was no difference between times of day at the
lowest level of shock (i. e. 14 uA) indicating that responsiveness to the
shock stimulus, rather than activity was being measured in Experiment I as
a function of time of day.

16
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Experiment II, which involved an escape task, provided no evidence for
the effect of time of day on learning, unlike Osborne's (1967) earlier
study. However, the apparatus and procedure employedwere substantially
different (e. g. shuttle box versus an operant conditioning chamber) which
may account, at least in part, for this discrepancy in results.

: Experiment ITI used a fear conditioning and hurdle-jumping technique.
3 Although there were certain undesirable experimenter effects, the data
: indicated a very regular effect of time of day. Performance was superior
at night and inferior during the day. Fear condjitioning has a methodological
advantage over most avoidance procedures in assessing effects on secondary
negative reinforcement, in that performance in the instrumental learning
: stage is not confounded with primary drive effects (i.. e. shock is no longer
4 . present in the hurdle-jumping stage). The presence or absence of light
3 was controlled in this experiment by testing all Ss under conditions of
light. Also, performance on this task did not necessarily correlate with
the activity levels measured in Experiment V, at least at the specific
times tested. Therefore, it would appear that this experiment provided
good evidence for the possible operation of some sort of "biological clock'
mechanism (see Bolles,& De Lorge, 1962; Biological Laboratory, 1960)
affecting the learn:ng of a task at different times of . day.? However, none
of the experiments actually place the effect of time of day in a neat
package. Each of the experiments described above leave questions which can
only be answered by empirical test.

Educational Relevance of the Research: One major aim of this research
has been to gain a greater understanding of the action of circadic effects
on the complex task of learning and to suggest the possible role this
variable may play in human learning as well. It is always presumptious and
perhaps dangerous to overgeneralize from animal to human research. However,
as Miller (1959, p. 204) has noted, one aspect of animal research is to
determine what questions are relevant for human research. In general,
animal research affords much greater control of potentially relevant variables.

For example, Jennings (1969) attempted to assess the effect of class
time on student performance. Ten sections of an introductory economi.cs
; class were taught at different times of day ranging from 8:55 a.m. to
g "'3:10 p.m. and in two or three class meetings per week (i. e. MWF: Monday-
4 Wednesday - Friday; TT: Tuesday - Thursday; TTS: Tuesday - Thursday -
¥ Saturday). However, the four instructors who taught the classes were
: partially confounded with time of day and days the sections were offered.
Also, although the ten sections were reasonably similar in terms of their
..:v .mean.grade.point averages at the:beginning. of the semester, .students:were__ ... .
i ;... not.vandomly assigned to sections which may well have introduced. uncontrolled. ..

81t should be noted that the statement, "time of day may have an
: -effect on behavior," is not meant to imply that time per se effects
3 behavior. Obviously, time, as such, can have no effect. However, certain ;
: mechanisms, physiological and psychological, may vary concom:ttantly with
' time and produce the effect noted.

17




systematic variation between the sections other than time of day and day of
week. To Jennings' credit, he recognized most of these shortcomings of his
study and in the typical practical setting of the University curriculum,

most of them would be difficult to control. The only statistical differences
Jennings found was between the TTS sections and the remaining sections

(TT - p.m., MWF - p.m., and MWF - a.m.) in which the TTS section was

significantly poorer.

A better or at least more rigorous method to control for some of the
deficiencies in the Jennings' study would be to establish a pool of Ss
available over a broader range of times. Randomly assign these Ss to
various times, and using materisl controlled for difficulty, methoé of
presentation, etc., assess the similarities and differences in learning
and retention at different times of day.

There are several recent studies which have indicated circadian
effects on man's performance in a variety of tasks. Blake (1967 a) found
that his Ss improved in performance on five choice, vigilance, card sorting,
letter cancellation, and calculation tasks, and that digit span decreased
as a functior of tlme of day. Blake (1967b) also found circadian differences
in body temperature as a fuaction of an introversion-extroversion measure.
Thor (1962) also found differences on a time estimation task as a function

of time of day.

Learning economics in the classroom may seen far removed from electric
shock in the rat laboratory, but throughout most of this report, we have
been careful to use electric shock as an example of one type of stressor.
As others have pointed out (e.g. Selye, 1956; Mowrer, 1960), most forms
of motivation such as hunger, thirst, fear of failure in a classroom,
or fear of shock in the laboratory are zversive or stressful in the
Thorndikian sense of an "annoying state of affairs" which the organism
will avoid or attempt to minimize. If the comparison holds, then although
*he effect would probably vary in its specifics, we might well expect
time of day to influence human learning under stress as well.

18
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